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ABSTRACT 
 
 
Whether negative or positive, any human land use will have an impact on water quality. 
Point and non-point sources of contamination occur throughout the study area. Land use type 
and intensity will determine to what extent the water quality is affected. The aim of this 
research is to determine which human land use (within the study area) has the most prevalent 
effect on water quality. The Wilge River is a vitally important source of water for supply to 
the Gauteng region, and thus its quality is of a high priority, and yet little known or studied. 
Situated in the Grassland Biome of South Africa, on the Highveld in the Eastern Free State, 
the Upper Wilge River Catchment area is dominated by agricultural land use and has two 
human settlements that play an important role in the quality of water in the catchment. The 
Catchment is subdivided by four tributaries, which allow for smaller regions to be mapped 
out and studied individually. The various regions that have been mapped contain alternating 
types of land use including but not limited to cultivation and livestock agriculture; different 
types of human settlements. The Upper Wilge River also plays a role in the Tugela-Vaal 
Inter-Basin-Transfer (IBT) Scheme, and so water quality is also affected by this.  
South Africa is a water scarce country with highly erratic and unevenly distributed rainfall 
and thus the appointment of Catchment Management Agencies to monitor and manage water 
supply has been implemented by Government. By utilising Land use maps, Water Quality 
data and water quality guidelines, it is possible to identify spatial trends in water quality. 
There are nine specific water quality indicators that were selected according to the land use 
types present because various indicators may aid in identifying or representing specific 
human land use types, and thus highlight how different human land uses have different 
effects on water quality over a space. The respective water quality data for the nine specific 
indicators were acquired over the 12 sample points in the study area for a six year period. 
Data were transformed, analysed and simply visually represented in the form of bar and pie 
charts. Land use was mapped over the study area using Google Earth and a GIS 
(MapWindow). Finally data were interpreted in accordance with land use maps, water quality 
guidelines and thus water quality trends established.  
The main objective of this research was to identify, compare and determine which land use 
present has the most noticeable and detrimental effect on water quality. Essentially water 
quality depends on land use type and intensity within a catchment, but can also be affected by 
a variety of other anthropogenic or natural factors. Overall, the way in which the current 
human population utilises and impacts on the water quality is negative; but quality remains 
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generally acceptable for the intended purpose of this water to downstream users, however this 
must be carefully monitored and managed, so as to ensure further degradation does not occur. 
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1. INTRODUCTION 
This chapter introduces the research topic and gives a brief background to how and why 
water and water based research is important. 
1.1. IMPORTANCE OF WATER 
Water is an important life sustaining resource of the natural environment; supporting many 
life forms and maintaining ecosystem functioning. It allows for waste dispersion and other 
processes to occur whilst providing ecological goods and services. Water is also a key 
resource in many aspects of human activity, such as industry, agriculture, recreation and 
domestic life. Water is an excellent solvent and “underpins all economic activities” (Hatting 
et al., 2006, p.274). 
1.2. SOUTH AFRICAN WATER SITUATION 
South Africa receives highly erratic and unevenly distributed rainfall. With an annual 
average of approximately 497mm, as compared to the global average of 860mm, South 
Africa is classed as a water scarce nation (DEAT, 1999). Water quality and availability is 
increasingly becoming a concern for government and private sectors. Since 2004 the 
establishment of water management bodies - Catchment Management Agencies (CMA’s) - 
sanctioned the protection and conservation of this vital resource in the form of structured 
water management strategies (Snaddon et al., 1998, p.159).  
South Africa, being a water scarce country with increasing requirements to provide for 
economic centres, industry and other sectors, should focus on water quality and availability 
as a management priority. To cope with limited availability of fresh water, the state has been 
required to develop a highly competent system of storage and transfer of water over large 
distances. Inter-Basin-Water-Transfer Schemes (IBT’s) were set up to meet the demands of 
water supply and at the same time constructed to provide for energy demand. The Lesotho 
Highlands Water Project is one of the most well-known projects of its kind. One of these 
transfer schemes occurs within the study area namely the Tugela-Vaal Pump-storage scheme. 
The Tugela-Vaal scheme provides Gauteng and other provinces with vast volumes of 
necessary water via the Wilge River.  
1.3. WATER QUALITY –IMPORTANCE AND IMPACTING FACTORS 
Many people judge the value of their environment by the quality of water that is available. 
This is easily done by looking at the physical properties of water. Turbidity, eutrophication 
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and litter are factors that are visibly apparent in affecting water quality. Other parameters that 
are not visible may also contribute to unsafe and poor quality of water (van Loon & Duffy, 
2005). There is no single definition of water quality because it depends on the intended use of 
the water (Fuggle & Rabie, 2009). Numerous factors may affect water quality, ranging from 
natural (climate and geology) to anthropogenic (point and non-point pollutant) sources, and 
this occurs through varying degrees of time and space, but it is human land use that has the 
most noticeable effects.  
For centuries human beings have been known to alter their natural environment to suit 
their everyday needs (food, shelter, warmth, sanitation)- and as such- any human land use 
will have some effect on the receiving ecosystems, particularly surface water as it is the most 
easily accessible. Alternate land uses have different impacts on water bodies and specific 
indicators/parameters may be used to measure this. “Water quality parameters in various 
aquatic systems have been closely linked to the proportions or types of land use within a 
watershed” (Lee et al., 2009, p.80). The significance of the impact may depend on the 
intensity and type of land use.  
“Watershed management and catchment scale studies have become increasingly important 
in determining the impact of human development on water quality” (Sliva & Dudley-
Williams, 2001, p.3462). Water Quality studies are undertaken to provide information on the 
state of water bodies as well as to aid in developing strategies, policies and plans that help in 
better management of catchments, pollution sources, water users and water resources 
(Brainwood et al., 2004). The Wilge River catchment hosts a number of different land uses, 
including arable and grazing agricultural land as well as urban land uses. This study aims at 
determining the differences in water quality that may arise from surrounding land uses. The 
water quality of the Upper Wilge River is important because the Wilge River plays a key role 
in the transfer of water from Sterkfontein Dam to the Vaal Dam (Gauteng Primary supply). 
The impacts of surrounding land use on this water quality remains mostly unknown, therefore 
this research aims to provide further information.  
1.4. CONCLUSION 
With this in mind, recent and relevant literature must be consulted in order to determine 
the best possible methods in conducting the investigation and to highlight important areas 
that should remain a focus in this research. Water Quality research (as in this study) is of 
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importance because water is, particularly in South Africa, a precious and limited resource. 
We should strive to conserve and protect it to our best ability.  
The structure (work flow chart) of this minor dissertation is illustrated in the diagram 
below (Figure 1-1). 
 
FIGURE 1-1: WORK FLOW DIAGRAM OF THESIS. 
  
1. 
Introduction 
3. 
Motivation 
5. 
Methodology 
4. 
Study Area 
6. 
Results and 
Discussion 
7. 
Conclusion and 
Recommendations 
2. 
Literature 
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2. LITERATURE REVIEW  
Chapter Two investigates relevant and important literature that stems from existing 
research, highlights gaps in the knowledge base, and thus begins to provide a justification of 
the research conducted herein. 
2.1. LAND USE EFFECTS ON WATER QUALITY  
Human beings have and continue to, significantly alter their natural environment to suit 
their everyday needs, e.g. providing for food, shelter, sanitation, energy, transport, and 
recreation. In the physical alteration of natural land to human land use, natural ecosystem 
functioning is altered, generally losing its capability to counteract negative human impacts 
and its capacity to support species. Urban, industrial and agricultural land use activities are 
considered to be key sources of chemicals and nutrients to aquatic ecosystems (Iskander & 
Lyday, 1995; Ouyang et al., 2006). Consequently these land uses affect water quality in 
various ways including: nutrient loading, heavy metal pollution, stream flow velocity and 
temperature changes as well as sedimentation. These changes in water quality cause problems 
of their own such as eutrophication, stream bank erosion and changes to plant communities. 
“Nutrient enrichment seriously degrades aquatic ecosystems and impairs the use of water for 
drinking, industry, agriculture, and recreation” (Ouyang et al., 2006, p.3800). Ecosystem 
functioning is important to surface water quality as it helps improve the general quality 
thereof.  
The degree or extent to which a human land use will have an impact on water quality is 
related to land use type and intensity. Numerous investigations have documented that a strong 
relationship exists, between the type of land use and the water quality within a watershed. 
Anthropogenic materials that are transported to (and found in) water bodies in a watershed, 
are ultimately determined by human activities (or land use type) in the catchment area 
(Hwang et al., 2007; Lee et al., 2009). Water is polluted through direct or indirect 
introduction of chemicals and other substances to water sources, and is considered as such 
when it is unfit for its intended purpose. Pollution occurs through point and non-point 
sources, so urban and rural human land-uses increase or modify the concentration of 
parameters that alter the quality of surface waters downstream. This is supported by Kang et 
al., (2010, p.4144) “Population growth and continuing land development have substantially 
degraded the quality of receiving water-bodies and waterways due to the increased input of 
man-driven pollutants”. 
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Surface waters are highly prone to pollution from runoff due to their ease of access for 
wastewater disposal and natural drainage patterns. Natural processes, anthropogenic 
influences and escalating exploitation of water resources collectively determine the resultant 
quality of surface waters in a region (Singh et al., 2004). Runoff water may be a combination 
of surface drainage, storm water, urban runoff (roofs, buildings, streets, and other urban 
impervious surfaces), agricultural runoff (arable and grazing lands), waste water treatment 
works, etc. (Iskander & Lyday, 1995).  
There are many land use/land cover classes that occur in South Africa, and these may be 
determined by the biome, physical aspects of the land and human land use. This study will 
only focus on land uses (characterised by human activities on the land) that are encountered 
in the specific study area. Map 2-1 illustrates how the land cover in the study area is 
dominated by the Grassland Biome of South Africa, and hence land use is predominantly 
agriculture in the forms of livestock farming and cultivation (mainly cereals, maize and 
wheat). This figure also indicates the built up area/artificial surfaces that make up the 
QwaQwa settlement. The land uses that are a focus for this study include: 
 Agricultural lands- grazing grasslands; cultivated land; assorted agriculture (crops and 
grazing combinations) 
 Rural towns- Urban land use (built up areas in the largely rural setting). 
 Open grasslands and Mountainous grasslands 
 Water bodies 
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MAP 2-1: LAND COVER OF STUDY AREA. ADAPTED FROM PEACE PARKS FOUNDATION (VAN DER LENDE & 
VILJOEN, 2011). 
2.1.1. Agriculture  
Agricultural land use (when compared to urban) will often have a lesser impact on water 
quality as it is a non-point source thus being more diffuse, it is less intensive, has less 
impervious surfaces allowing for increased infiltration, and the land cover (vegetation) in 
grazing areas may be close to the naturally occurring species. Livestock grazing and 
croplands (often irrigated) have a range of contaminants that contribute to environmental 
degradation and hence poor water quality. “Grazing has been shown to affect the 
hydrological properties of a watershed, particularly the rate of infiltration and surface runoff 
during precipitation events by trampling and removing vegetation and compacting soil” 
(Strauch et al., 2009, p.795).  
Agricultural practise, especially in semi-arid environments, requires some support to 
provide fully for the respective populations. This assistance comes in the form of fertilisers, 
pesticides and herbicides, so that organic pollutants and other nutrients are added to the 
system. “Agricultural land is usually considered as an important non-point pollution source in 
less urbanized watersheds, so significant positive relationships are often found between 
percentage of agricultural land and concentrations of water quality parameters, especially 
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nutrients, which are contributed by fertilizer application and livestock farming” (Tu, 2011, 
p.387). Ammonia, Nitrate, Phosphate and Faecal Matter are indicators resulting from animal 
waste products, chemical fertilisers and decomposing organic matter. Agricultural processes 
and by-products are recognised as chief contributors of chemical pollutants and waste 
products to water bodies.  
Dilution from non-agricultural land use should be taken into account. Depending on the 
spatial scale at hand, individual farms may have a minimal impact but collectively, multiple 
farms could result in a significant negative effect when their waters mix and accumulate 
further downstream. The impacts of agriculture on regional water quality will become more 
evident when agriculture is the dominant form of land use (Schrӧder et al., 2004). 
Environmental degradation, owing to poor farming practise is a threat to many regions as it 
reduces agricultural productivity as well as ecosystem functioning. Degradation is caused by 
a number of factors which are amalgamated by increasing population density, climate change 
(reduced volumes and more erratic rainfall) and wasteful utilisation of water resources (Abalu 
& Hassan, 1998; Rohde et al., 2006). Food security is an ever growing problem for the world, 
and is particularly rife in developing countries, it is important that adequate agricultural lands 
not be lost to urban sprawl. 
2.1.2. Human Settlements 
The quality of water in a region is not solely affected by agricultural land use and 
agricultural runoff, it may also be due to the discharges of water from other land uses besides 
that of agriculture (Schrӧder et al., 2004). In the process of urbanisation, rural type land cover 
(natural lands, croplands, grasslands, forests, pastures) is modified to urban type land uses 
(residential, commercial and industrial, roads), increasing the surface area covered by 
impenetrable surfaces. This in turn adds to the sources of water pollution from surface runoff 
“e.g. from buildings, roads, industries and sewage plants etc” (Li et al., 2008). With less 
filtration, chemicals and pollutants from urban surfaces are further degrading the quality of 
water bodies. Research has shown that there is a direct relationship between the growth of a 
settlement, i.e. an increase in urban surfaces, and the decrease in quality of water in receiving 
water-courses (Amirsalari & Li, 2007; Roberts & Prince, 2010; Carey et al., 2011).  
Urban settlements are generally smaller in area but still have significant widespread 
impacts. Urban land cover that makes up the majority of economic centres provide for many 
people, but their environmental impact is wide-spread, the area required outside of urban 
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centres to service the smaller urban areas is large because the area within the urban centres 
cannot generally provide all the necessary goods and services urban inhabitants require to 
survive. Urban areas or human settlements contribute several pollutants/contaminants to 
water resources, these pollutants/contaminants are utilised as indicators of water quality. 
Water quality indicators will be discussed later in this chapter. 
2.1.3. Open Grasslands and Mountain Grasslands 
Open Grasslands and Mountain Grasslands are classified as such because they have no 
prior development or human land use, they remain undisturbed. “Negative relationships are 
usually found between percentages of undeveloped lands (e.g. forest) and concentrations of 
water pollutants, indicating that undeveloped lands are usually related to good water quality” 
(Tu, 2011, p.376). The Mountain Grasslands are most likely in this current condition as they 
are inaccessible and essentially not suitable for human development or utilisation. The slopes 
are too steep to build or plough on and the steep hills make it difficult to keep livestock. 
Some of the Open areas that remain undeveloped are also reserved as Conservation areas, 
such as the Sterkfontein Dam Nature Reserve.  
Open Grasslands and Mountain Grasslands are effectively a representation of the natural 
land cover that occurs in the study area. Buck et al., (2004) hypothesise that when water 
originates from a drinking water reserve (dominated by natural grassland vegetation) where 
agricultural practise is not allowed; the water will be of a better quality when compared with 
that of water from catchments which are dominated by agricultural land cover. Water quality 
in the upper reaches of this study area cannot be determined as there is a lack of sample 
points. Thus one can assume the water emanating from these areas is relatively ‘clean’ and of 
a good quality, especially in comparison to the quality of water further downstream. These 
natural ‘clean’ waters may play a role in diluting the rivers further along the water-course that 
are affected by human land use.  
The Large Water bodies (Sterkfontein and Driekloof Dams) found in the study area exist 
as storage reservoirs and play a role in water quality. These water bodies are important as 
they are a part of the Tugela Vaal Inter-Basin Transfer Scheme.   
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2.2. INTER-BASIN TRANSFERS  
2.2.1. South African Situation 
South Africa is a water scarce country; rainfall is highly erratic and poorly distributed 
“Water is recognised as a strategic national resource, which is not equitably distributed in 
temporal or geographic terms” (Ashton, 2002, p.1). Multiple Rivers in South Africa are a 
shared resource as they flow between various regions. Through Integrated Water Resources 
Management and sophisticated Catchment Management Agencies (CMA’s), the South 
African Government and related agencies utilise a number of IBT’s to resolve water supply 
and distribution problems. “Inter-basin water transfers (IBT’s) are a major form of river basin 
manipulation” (Snaddon et al., 1998, p.159). Map 2-2 illustrates the numerous IBT’s that 
have been implemented in South Africa, across Catchment Basins, Provincial and National 
borders. Considering water is an important resource and vital to the nation’s development, it 
is fitting that the government be national custodian and trustee of all the nation’s water 
resources (Ashton, 2002). 
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MAP 2-2: INTER BASIN TRANSFERS THAT OCCUR IN SOUTH AFRICA (DEAT, 2007). 
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2.2.2. IBT’s Effects on Water Quality 
Catchment areas/basins are altered or used, such that water is transferred from areas of 
abundance, in order to supply water to regions/basins in deficit. A prime example of this is 
highlighted in the statement from Matete & Hassan (2006, p.248) “The prime objective of the 
LHWP is to abstract water from rivers in the Highlands of Lesotho, store it in reservoirs and 
transfer it, through gravity, to the water deficient Vaal region in SA”. Water transfer may 
occur through a variety of mechanisms (canals, channels, pipes). Thus IBT’s are of major 
importance to water supply in water scarce regions.  
IBT’s may also be utilised for other purposes, such as the production of electricity, as is 
done in the Tugela-Vaal Pumped Storage Scheme. Inter-Basin Transfers could also influence 
the quality of water in a catchment, affecting not only physical and chemical aspects, but 
biological and hydrological aspects of both the recipient and donor streams, “A section of a 
river, or an entire river basin, becomes the 'donor' of water, while the other becomes the 
'recipient' of that water and, as such a myriad attendant changes take place: water losses or 
additions, water quality changes, alterations in physical properties of channels, temperature 
regimes and so on, and the transfer and mixing of organisms, to name a few” (Snaddon et al., 
1998, p.162). Exotic species to a system/region may be transferred and become 
problem/invader specie. Pollutants may be transferred from one system to another, causing a 
decrease in water quality and other associated problems. These transfer schemes may also 
dilute headwaters of the receiving systems, cause temperature or volume changes and more, 
which will in turn cause other cumulative impacts. Thus it is vital that IBT’s be fully 
researched and monitored when they are considered or put into operation. 
2.2.3. Tugela-Vaal Pump Storage Scheme 
This research has a particular focus on Tugela-Vaal IBT system which is located at the 
border between the Eastern Free State and North-Western Kwa-Zulu-Natal (Map 2-3). 
Sterkfontein Dam has a storage capacity of 2656 million m3 (DWAF, 2004a), and with good 
environmental conditions for storage (high altitude, deep banks, small surface area, low 
evaporation) it is a key storage reservoir for water that is needed by Vaal Dam system which 
serves among others the Gauteng area. When required water is released from Sterkfontein 
Dam via the Wilge River to reach the Vaal Dam. Because of its locality in the Drakensberg 
Mountains, the Sterkfontein Dam has a relatively “small catchment area with negligible 
natural inflow with the result that it requires no spillway” (DWAF, 2004a), this also means 
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that it would require water from alternative sources, hence the relationship it shares with the 
Tugela-Vaal pump storage scheme.  
 
MAP 2-3: INTER BASIN TRANSFER BETWEEN THE TUGELA (KZN) AND VAAL (FS) SYSTEMS. (DWAF, 2004B). 
Figure 2-1 shows the profile of the escarpment and the locality of the dams involved in the 
pumped-storage scheme. Sterkfontein and Driekloof Dams are situated above the escarpment 
in the Free State (FS), whilst Kilburn, Woodstock, Driel and Spioenkop Dams are below the 
escarpment in Kwa-Zulu-Natal (KZN). Sterkfontein and Vaal Dams are connected by the 
Wilge River and for part of the Vaal River catchment system, while the Dams in KZN are a 
part of the Tugela River system.  
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FIGURE 2-1: SCHEMATIC DIAGRAM ILLUSTRATING THE PROFILE OF THE ESCARPMENT AND LOCATION OF THE 
DAMS. (ADAPTED FROM TOURISM-NATAL, 2005). 
This pumped-storage scheme works with a complex system of dams and tunnels, whereby 
water from Kilburn Dam is pumped up the escarpment to Driekloof Dam; this is primarily 
where the activity occurs. The Tugela-Vaal pump storage scheme has a dual purpose. The 
first being to supply Sterkfontein Dam with water from the upper reaches of Tugela River 
catchment. As previously mentioned, Sterkfontein Dam has a small catchment area so may 
occasionally require water from alternate sources.  
In dry periods, or when water is required in the Sterkfontein Dam, water that is stored in 
three dams in KZN (Driel, Woodstock and Spioenkop Dams) is used to top up the 
Sterkfontein Dam by pumping it up the escarpment via Kilburn and Driekloof dams. When 
the Vaal dam requires water, controlled volumes are released from Sterkfontein Dam via the 
Wilge River, to supply the Vaal. When it rains over the Drakensberg Mountains, runoff is 
stored in the Woodstock, Driel and Spoienkop Dams which supply Kilburn Dam. If there is 
sufficient water in all reservoirs, excess water from these three KZN dams may be released 
down the Tugela. (DWAF, 2004a; Tourism Natal, 2005). 
Sterkfontein Dam is adjoined to Driekloof Dam by a small dam wall. When required, 
water is allowed to flow into Sterkfontein Dam for storage and ultimately distribution to the 
Wilge River system. Thus water for Sterkfontein is supplied from KZN via the Tugela-Vaal 
pumped-storage scheme. Map 2-4 is a Satellite image which shows the dams involved in the 
IBT scheme. This illustrates the flow and transfer directions when water is exchanged 
between the Free-State and KZN for water supply purposes, as well as where and when the 
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water is pumped and released in the generation of electricity. Water is pumped up and 
released down the escarpment via a big tunnel between Driekloof and Kilburn Dams.  
 
MAP 2-4: LOCALITY OF THE RESERVOIRS INVOLVED IN THE TUGELA-VAAL PUMP STORAGE SCHEME AND 
WATER TRANSFER ROUTES/PERIODS. (ADAPTED FROM GOOGLE EARTH, 2011). 
The second purpose of the Tugela-Vaal scheme is to supply electricity to Eskom’s national 
grid. During periods of peak electricity demand, water is released from Driekloof Dam at a 
rate of 312m³/s, turning the turbine and in return generating around 1000MW of electricity 
(enough to supply 150 000 urban households). When electricity demand is lower, water is 
pumped back up the Escarpment by four 250MW pump/turbines from Kilburn Dam at a rate 
of 174m³/s. This pump storage scheme may transfer 630 million m³/anum depending on 
water requirements in Gauteng, and water availability in the Tugela system (Woodstock 
Dam) (DWAF, 2004a; Eskom, 2011; Eskom, 2012a; Eskom, 2012b).  
The IBT system is complex and may have a number of varied effects on receiving and 
donor systems. Fortunately the Tugela-Vaal pumped-storage scheme transfers water between 
the upper reaches of either catchment, so the impacts on water quality are minimal. Research 
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that investigates the different water qualities between basins has already been conducted by 
Wright (2006), so the need for research of this nature is not necessary here. The focus of this 
research investigates the effect that the surrounding land uses have on the Upper Wilge River 
water quality within this upper catchment area; and so other physical aspects of the study area 
should be considered (this is done in Chapter 4).  
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2.3. WATER QUALITY RESEARCH 
2.3.1. Methods Used 
There are a variety of methods that can be used to measure what environmental 
settings/factors affect water quality. Water quality is not defined by a certain value or 
characteristic but rather by the intended purpose for its use. Water that is suitable for one use, 
such as industry, may not be suitable for another, like agriculture. Since water quality is 
measured by the intended purpose, some organisations have standards or guidelines 
according to the specific use, such as Department of Water Affairs and Forestry (DWAF, 
1996) water quality guidelines for agricultural, industrial recreational and domestic use. 
Water quality is measured per indicator (chemical, physical) and compared to a standard. If it 
is sub-standard; it needs to be treated before it can be used. Chemical, physical and biological 
parameters may be utilised in a variety of tests/techniques in water quality investigations to 
establish the environmental factors that affect water quality. These investigations aid in water 
quality monitoring and water/resource management plans. 
Water quality monitoring networks, a tool used in water quality monitoring programmes, 
require the subjective selection of appropriate variables. These programmes aid in 
understanding quantity and quality and are good for resource management and water quality 
control. Inherently monitoring networks are designed to translate the objectives of water 
quality monitoring; specifying spatial and temporal measurements, which are influenced by 
specific indicators that need be measured “and therefore the selection of the specific variables 
of interest is intrinsic to the design and subsequent operation of a water quality monitoring 
network” (Khalil, et al., 2010, p.173). An appropriate choice of water quality indicators is 
necessary in every investigation as it is important to study only those which are relevant to 
the research.  
2.3.1.1.Chemical, Biological and Statistical Analyses 
Chemical analysis has been a conventional method of establishing water quality in South 
African water bodies (Taylor et al., 2007). Chemical analysis of water samples may be 
conducted through a large variety of laboratory tests/specific instrumentation on a particular 
set or individual indicators. Jezierska et al., (2011) propose a screening method which is 
based on measuring the maximum absorbance of Vitamin C in various aqueous solutions. 
The result is ranked on an absorption spectra (with a spectrophotometer), translated to a water 
quality index that in turn provides a preliminary result for water quality. Mouri et al., (2011) 
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utilised long-term data of stream nutrients and suspended matter concentrations, from a 
Japanese River Basin, to establish a statistical relationship between stream water 
characteristics and land cover in the catchment area.  
Alternative to chemical analysis, biological testing may also be utilised to test water 
quality. Bioassays, Fish Health Index (FHI), and South African Scoring System (SASS) are 
but a few methods that can be used to assess the influence specific substances have on living 
organisms. Some of the effects that these substance may have include: species composition, 
community structure, breeding and growth effects, all of which is “shaped by the chemical 
and physical nature of their habitat” (Taylor et al., 2007, p.51). Macro-invertebrates and algal 
communities can also be used to study the impacts of land use on water quality by identifying 
specific water quality parameters and the occurrence or deficiency and density of riparian 
vegetation (Brainwood et al., 2004). The relationship between land use and water quality is 
clearly indicated when Diatom community structure decreases in size, variety and distribution 
along a gradient from agricultural and forest land use to urban land use where the “human-
induced increasing nutrient and organic pollution gradient” causes the decline (Bere & 
Tundisi, 2011, p.100).  
Statistical water quality analyses are frequently used owing to the quantitative and 
objective nature of the results such tests produce. Roberts & Prince (2010, p.459) use a 
hybrid-statistical process model, the Spatially Referenced Regression on Watershed 
Attributes (SPARROW) model that “implements deterministic functions with spatially 
distributed components”. Many water quality investigations are conducted by either spatial, 
temporal or by combination of both to assess quality parameters. Some popular statistical 
analyses in water quality investigations include: 
 
 Regression Analysis (Tu, 2011), and Linear Regression Analysis (Okamura et al., 
1999) 
 Students t Test and Mann-Whitney U Test (Jezierska et al., 2011) 
 Principal Factor and Principal Component Analysis (Ouyang et al., 2006) 
 Geometric Means and Pearson’s Correlation Coefficient (Crowther et al., 2002) 
 ANCOVA and ANOVA and Least Square Regression (Donohue et al., 2005) 
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Water Quality Indices (WQI’s) are also a popular statistical method for water monitoring. 
WQI’s work by way classifying and ranking water quality, it mathematically transforms a 
large amount of water quality data into one number, which is then a representation of the 
quality of the water (Sanchez et al., 2007). 
2.3.1.2.Technology Based Investigations 
Along with the rapid growth of the technological age, there are a number of technology 
based investigations that can be used to supplement water quality investigations. More 
frequently Satellite technology; Geographic Information Systems (GIS) and Remote Sensing 
are being used to aid in the research of spatial based water quality investigations. “In recent 
years, advanced spatial tools such as geographical information systems (GIS) have made 
accessing land cover characteristics and extracting topographical information for watershed 
scale analyses easier” (Kang et al., 2010, p.4144).  
Hadjimitsis & Clayton (2009, p.281) support this with the following statement “there have 
been many studies conducted on the use of satellite remote sensing for water quality 
monitoring and assessment in inland water bodies”. GIS and Remote Sensing provide visual 
aid in determining areas that are in need of attention, stressed, sensitive or prone to 
degradation. Amirsalari & Li (2007, p.580) state that many researchers found that by 
overlaying “accurately classified land use data with water quality indicator data” the user 
may present (faster and cheaper) an image, that gives an idea of water quality status over 
large areas and over multiple time frames.   
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2.4. WATER QUALITY INDICATORS 
It is important to highlight the water quality indicators that are relevant to this research. 
Specific indicators were chosen based on availability of data (Supplied by Rand Water), land 
use/land cover and previous research (literature review and 2010 honours research, Verheul). 
The specific water quality indicators were selected to represent the status of surface waters of 
each tributary and consequently, to establish the differences between the sub-catchment water 
qualities. From this investigation, assumptions can be made about how the different land uses 
affect water quality, combined with affirmation from the land use maps. The water quality 
indicators include: Nitrate (NO3), Phosphate (PO4), Sulphate (SO4), Ammonia (NH3), pH, 
Chemical Oxygen Demand (COD), Electrical Conductivity (EC), Alkalinity (Alk) and E.coli. 
These specific indicators allow for all aspects of water quality to be assessed from physical 
(EC and pH), Organic (COD), bacteriological (E.coli) to Macro-elements (NH3; NO3; PO4; 
SO4; Alk). These indicators are also divided into groups that may highlight urban and rural 
land use.  
Urban pollutants: E.coli, Phosphate, Nitrate, Ammonia, pH, COD and Conductivity, and 
Alkalinity.  
Rural/Agricultural Pollutants: Sulphates, Phosphate, Nitrate, Ammonia, Alkalinity. 
2.4.1. Nitrate (NO3) 
Nitrate is strongly related to the presence of nitrites and ammonia in water bodies as these 
are either oxidised or reduced (resepctively) and interchange from one form to another (this is 
discussed below in further detail). Nitrate is an essential nutrient for plant growth, and is 
fixed in soil and water by microbes that it may become available for plant up take. Many 
farmers apply nitrogen rich fertilizers to their lands to stimulate crop growth. “Agriculture 
has been found to be a major contributor to N and P losses to the environment” (Schrӧder et 
al., 2004, p.15). Nitrogen deposition may also originate from atmospheric deposition during 
lightning storms. Nutrient loading in streams (by nitrogen and N compounds) causes 
eutrophication which causes a decline in water quality. Nitrates may also exist as bi-products 
from decomposition and animal wastes. 
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2.4.2. Phosphate (PO4) 
Phosphate is indicative of many factors that affect water quality. Phosphate concentration 
highlights urban land use as it arises from domestic detergents, industrial waste water, and 
human waste effluent, all of which are collectively termed grey water. It also illustrates the 
use of fertilisers and nutrients loaded into streams from agricultural land use, as phosphorous 
is an essential nutrient necessary for plant growth (Schrӧder et al., 2004). “Nutrient 
concentration, particularly phosphorus, increases with urban development due to storm water 
runoff” (Bere & Tundisi, 2011 p.93). Phosphate is commonly known for the effect it has on 
water quality, as it causes severe eutrophication due to nutrient loading from urban, 
agricultural and industrial waste/runoff. Because it is a vital nutrient for plant growth; 
phosphate stimulates algal blooms and other unwanted vegetation in water bodies; in turn 
causing a lack of oxygen and fish/other aquatic species to die off. 
2.4.3. Sulphate (SO4) 
The presence of sulphate in streams is caused by rock weathering, veld fires and the 
decomposition of organic matter all of which are mainly indicative of natural/undisturbed 
land. Duh et al., (2008) state that it may also arise from the combustion of fossil fuels that 
contain sulphur dioxide. Sulphate concentration is seasonally influenced and is primarily 
utilised to highlight agricultural land use (Walsh & Wepener, 2009). The use of sulphate as a 
water quality indicator in this research is to highlight agricultural land use but may be 
affected by other land uses.  
2.4.4. Ammonia (NH3) 
Ammonia is a good water quality indicator particularly for land use where agriculture 
dominates as nitrogen is fixed (reduced) by plants and soil microbes in soil and water and 
thus can be found in surface waters (Rounsevell & Reay, 2009). Nitrogen containing 
fertilizers that are applied to cultivated lands undergo “anaerobic fermentation processes 
leading to formation of ammonia” (Singh et al., 2004, p.3987). Ammonia may also be found 
in household and industrial chemicals and detergents. 
Ammonia and nitrates are positively correlated to waste water treatment works because 
high concentrations of ammonia and/or nitrates are experienced. Ammonia is oxidised (in the 
presence of large volumes of oxygen) to form nitrite which is further oxidised to form nitrate, 
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and on the contrary; in areas of high COD nitrates are reduced to form nitrites and then 
ammonia. “The mean value of ammonia concentration decreased while nitrites and nitrate 
concentrations increased throughout the creek, which may be caused by the nitrification 
process and the incorporation of nitrified effluents from the Municipal Waste Water 
Treatment Works (MWWTP’s)” (Sanchez et al., 2007, p.322). Ammonia, NO3, pH and COD 
are closely related to one another, and each can be seasonally influenced.  
2.4.5. pH 
pH is a measure of the Hydrogen ions in a substance; raised levels of Hydrogen ions 
means a lower pH. pH is used to illustrate the acidity of water bodies and is affected by many 
natural and anthropogenic factors. pH changes affected by natural influences include acid 
rainwater (CO2 + H2O = H2CO3- Carbonic Acid; Lightning), geological breakdown-erosion 
and biomass decomposition (van Loon & Duffy, 2005). Low pH caused by anthropogenic 
influence may include industrial and domestic runoff, agricultural fertilisers and agricultural 
runoff. pH is highly dependent on other factors in water bodies (alkalinity, COD, ammonia, 
other nutrients). pH levels may also cause other parameters to react with one another, or is 
caused by the reaction of other parameters “high levels of dissolved organic matter consume 
large amounts of oxygen, which undergoes anaerobic fermentation processes leading to 
formation of ammonia and organic acids. Hydrolysis of these acidic materials causes a 
decrease of water pH values” (Singh et al., 2004, p.3987). 
2.4.6. Chemical Oxygen Demand (COD) 
Chemical Oxygen Demand (COD) is used as an indicator of organic matter/organic 
compounds in water (Lee et al., 2009). This is because in water, the oxidation of organic 
matter causes a decline in the concentration of dissolved oxygen, thus an oxygen demand is 
created (Sanchez et al., 2007). A rise in COD is likely caused by an increase in urban land 
uses “along an agricultural to urban gradient” which causes nutrient loading in streams; this 
in turn causes a decrease in Dissolved Oxygen and hence an increase in COD (Bere & 
Tundisi, 2011, p.99). This is supported by Walsh & Wepener (2009) who believe  COD 
shares a positive relationship with nutrient loading (such as nitrogen) and is higher in urban 
areas when compared with agricultural areas because “severe nutrient and chemical loading is 
accompanied by increases in COD values” (Walsh & Wepener, 2009, p.588).  
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2.4.7. Electrical Conductivity (EC) 
Electrical Conductivity (EC) determines the ability of a substance to conduct electricity, 
and hence is commonly used to measure salinity or salt content (Qadir et al, 2006; Morrison 
et al., 2001). Waters that have a high salt content usually represent urban/industrial land uses, 
as the high salt content may arise from waste-water effluent (sewage), storm water runoff and 
industrial effluent (Morrison et al., 2001). Alternatively a high salt content/conductivity may 
arise from agricultural land use, particularly in the presence of Cl and SO4 (Walsh & 
Wepener, 2009). 
2.4.8. Alkalinity (Alk) 
Alkalinity is a measure of the acid-neutralising capacity of water, in other words, the 
ability of water to buffer the effects of any addition of acidic or basic solutions (Addy et al., 
2004; EPA, 2011; Water Quality Association, 2000). Alkalinity is frequently associated with 
landscape parameters (Sliva and Dudley Williams, 2001) such that it originates from rock and 
soil parent material with a high in calcium carbonate (CaCO₃/Lime) content (Addy et al., 
2004). It may also be a good indicator of industrial/domestic land use as it is common in 
detergents (EPA, 2011). Alkalinity concentrations may vary according to seasonal 
fluctuations in other nutrients and rainfall events (Brainwood et al., 2004; Ouyang et al., 
2006). It is important to recognise that alkalinity is not the same as pH, which is a measure of 
the strength of acid or base.  
2.4.9. E.coli 
E.coli, a faecal indicator, is released into aquatic systems as a result of poorly functioning 
and overloaded Waste Water Treatment Works (WWTW), sewage spills and informal 
settlements and agriculture. As a result, it is used as a water quality indicator to illustrate 
where about the major human settlements are situated within the study area. Boon (2010), 
mentions that faecal indicators may arise from both rural and urban towns. Seeing that there 
are only three sample points that provide a result for E.coli in the study area, it is useful in 
comparing the strength and capacity of the WWTW’s and highlights where these human 
settlements are, and what role they play in influencing catchment water quality. Mouri et al., 
(2011) remind us that faecal coliforms not only emanate from human settlements but are 
resultant of agricultural land use as well. The use of E.coli in this research is to highlight 
urban land use and human settlements.  
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Having studied the literature available; an over-view of the necessity (or motivation) for 
this particular research topic is provided in the following chapter.  
   
24 
 
3. MOTIVATION FOR STUDY 
Chapter Three points out the necessity of the research. The Research Problem, Hypothesis, 
Aims and Objectives are also stated below. 
3.1. JUSTIFICATION OF RESEARCH 
The Wilge River catchment shows a number of different land uses, including arable and 
grazing agricultural land, and urban land uses. “Land uses have direct impacts on hydrologic 
systems” (Lee et al., 2009, p.80). The Wilge catchment also carries water that originates from 
two different provinces (KZN and FS). Water quality studies are undertaken to provide 
information on the state of water bodies as well as to aid in developing strategies, policies 
and plans that help in better management of catchments, pollution sources, water users and 
water resources (Brainwood et al., 2004).  
Watershed management and catchment scale studies have become increasingly important 
in determining the impact of human development on water quality (Sliva & Dudley-
Williams, 2001, p.3462). This research is important because the Wilge River plays a key role 
in the transfer of water from Sterkfontein Dam to the Vaal Dam. The Vaal Dam forms a 
principal component to the water supply infrastructure for Gauteng and the surrounding 
provinces and is of great importance to South Africa (DWAF, 2011). The water downstream 
of Sterkfontein Dam is used to maintain ecological and economic production as well as 
maintain human wellbeing, thus it is important that water flowing into the Vaal Dam is of a 
good quality. The impacts of surrounding land use on this water quality remains mostly 
unknown, therefore this research aims to provide further information.  
As urban centres grow, the area of synthetic constructed surfaces made out of 
impenetrable materials increases. These modifications have considerable impact on the 
hydrological features of a catchment (Amirsalari & Li, 2007). Topography is also important 
because slope, size, and permeability of a watershed may also aid in establishing the degree 
to which each land use type contributes to stream water quality (Kang et al., 2010).  But it is 
also necessary to establish whether natural processes (temporal, climatic, geomorphic, 
geology) or anthropogenic pollution factors (spatial, manmade, point source or non-point 
source) causes most changes in a river (Alberto et al., 2001).  
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3.2. PROBLEM STATEMENT 
To establish the impacts of urban versus agricultural land use on water quality in the 
Upper Wilge River Catchment by statistically analysing selected physical, chemical and 
biological water quality parameters in the catchment for 12 sample points over a period of six 
years from July 2004 to June 2010.  
3.3. HYPOTHESIS 
Both urban and agricultural land uses will have negative effects on water quality, resulting 
in a decrease in water quality in the Upper Wilge Catchment.  
Water quality in the upper reaches of the Wilge catchment in the Nuwejaar Spruit and 
Meul River is perhaps of similar quality to that coming from the Sterkfontein Dam (via the 
Tugela River in Kwa-Zulu Natal) as these streams do not flow through urban land use. Water 
quality from the Elands River, and the Wilge River below Harrismith, should on the other 
hand be impacted by the human settlements of QwaQwa and Harrismith. Water in the Upper 
Nuwejaar Spruit (Tugela/Sterkfontein) and the Meul River should probably also be of better 
quality. The Meul River should have lower quality compared to that of Nuwejaar Spruit 
because it is influenced by agricultural land use, while the Nuwejaar Spruit should be mostly 
unaffected by human land use as pollutants are diluted by the vast volumes released from the 
Sterkfontein Dam. When compared with agricultural runoff (pastures and plantations), runoff 
from urban zones should contribute higher concentrations of both nitrogen and phosphorous 
to streams. 
3.4. AIMS AND OBJECTIVES 
3.4.1. Aims 
 To establish whether current land uses in the sub-catchments of the Wilge River 
(consisting of the Meul and Elands Rivers and Nuwejaar Spruit) are having an effect 
on water quality in the upper Wilge River. 
 Expand our knowledge of the water quality in the upper Wilge catchment.    
 To identify the impacts land use has on water quality between Sterkfontein and Vaal 
Dams. 
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3.4.2. Objectives 
 Identify different land uses in the study area by mapping the upper Wilge catchment. 
 Compare water quality data for the 12 sample points over the six year period, and 
establish trends between different land uses and water quality. 
Before moving to methodology, a description of the study area is provided so as to obtain 
background knowledge and an understanding of the physical aspects and other characteristics 
that influence water quality.   
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4. DESCRIPTION OF UPPER WILGE RIVER CATCHMENT/STUDY AREA 
4.1. LOCATION 
The Upper Wilge River catchment area is situated in the Eastern reaches of the Free State 
Province of South Africa as depicted in Map 4-1, the area is situated above the escarpment on 
the Highveld. The study area under investigation forms a small part in the much larger system 
of the Upper Vaal Catchment (Vaal Dam Catchment Area).  
MAP 4-1: STUDY AREA LOCATION- EASTERN FREE STATE, SOUTH AFRICA. (ADAPTED FROM SA EXPLORER, 
2011).  
The Vaal Dam Catchment Area consists of four main catchments: Grootdraai Dam, Vaal 
Dam Reservoir, Waterval River and the Wilge River. The Wilge River catchment area is 
divided into three sub-catchments (Upper and Middle Wilge River, Liebenbergsvlei), of 
which the Upper Wilge River forms the study area of this research (Map 4-2). This catchment 
area is of vital importance to the Vaal system as it includes an important storage facility 
(Sterkfontein Dam) from which water is released via the Wilge River to the Vaal Dam, 
forming part of the supply that services Gauteng.  
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MAP 4-2: THE UPPER WILGE RIVER – STUDY AREA (ADAPTED FROM RAND WATER; WILGE RIVER FORUM, 2009).
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4.2. SAMPLE POINT LOCATION 
The four main tributaries (Map 4-2) within the study area are separated by natural 
drainage divides, and so allows for smaller regions of study to be demarcated. The tributaries 
include the Elands River, the Nuwejaars Spruit, the Wilge River and the Meul River. These 
regions are numbered 1-7. Regions are allocated to the study to enable meaningful 
comparison of water quality and land use. The sample points used in this study are selected 
from the available sample sites operated by Rand Water. Map 4-3 illustrates the location of 
the sample points. These sample points are numbered 1-12 for the purpose of this study and 
do not follow the Rand Water numbering code. 
 
MAP 4-3: REGIONS AND SAMPLE POINTS OF THE UPPER WILGE RIVER STUDY AREA. 
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Sample points 1, 5 and 8 are sampled treated sewage, just outside of the waste water 
treatment works and only provide data for E.coli. These three sample points are contained 
within two regions (1 and 2) and are only situated in the regions where the main human 
settlements (Harrismith and QwaQwa) occur. 
Sample points 1, 2 and 3 (Region 1) situated along the Elands River and downstream of 
QwaQwa settlement, all coincide within a single region.  
Sample point 4 (Region 2) is situated adjacent to the Sterkfontein Dam, and falls into the 
region of the Nuwejaars Spruit. Sample point 7 is the other site within this Nuwejaars region 
(2), upstream of Harrismith and before the confluence of the Wilge and Nuwejaars.  
Sample point 6 (Region 3) is the only sample point of the region, located along the upper 
reaches of the Wilge river. The sample point is situated at the lower end of the region in close 
proximity to Harrismith. Sample points 6 and 7 are upstream of Harrismith but in alternate 
regions to Harrismith.  
Sample point 9 (Region 5) is below Harrismith town, after the confluence of the 
Nuwejaars and the Upper Wilge.  
The Elands and Upper Wilge join together in Region 6, but there is no Rand Water sample 
point to quantify any result at this location.  
Sample points 10 and 11 are found along the Meul River (Region 4).  
Sample point 12 is situated on the Wilge River, after the confluence of the Upper Wilge 
and the Meul Rivers (Region 7).  
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4.3. GEOLOGY, SOILS AND GEOMORPHOLOGY 
 
MAP 4-4: SIMPLIFIED GEOLOGY OF STUDY AREA (WHITMORE ET AL., 2006; BREEDLOVE & JORDAN, 2001). 
4.3.1. Geology  
The study area is underlain by sedimentary rocks and is dominated by three rock groups 
(within blue border on map) (Map 4-4).  
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The Drakensberg Group, Stormberg Group and the Beaufort Group, all of which form part 
of the Karoo Super Group, and were laid down in the Mesozoic Era, between 180 and 250 
million years ago (Topinka, 2008).  
The Beaufort Group is the oldest of the rock forms in the study area, deposited some 250 
million years ago in the beginning of the Mesozoic Era. Deposited in the greater Karoo basin, 
this rock group in the study area consists mostly of sedimentary rocks, impregnated with iron 
oxides. Consisting of mainly dolomite, mudstone, sandstone, shale and quartzite it is believed 
that there was much fluvial activity prior to deposition, which is consistent with the rock 
types present. The Beaufort Group deposits form the foothills of the Drakensberg Escarpment 
as well as some parts of the Free State Plateau. Being sedimentary rock, it is less resistant to 
weathering than the overlying layers, and so is protected in some instances by the overlying 
rock (Landlubbers Adventures, 2011; van der Walt, 2010; Whitmore et al., 2006). 
The Stormberg Group is found directly above the Beaufort Group, deposited 
approximately 220 million years ago. The Stormberg Group is divided into three sub-groups, 
namely the Molteno (Sandstone), Elliot (Red-beds/Mudstone) and Clarens (Sandstone) 
Formations. Dominated by sandstone, these sedimentary rocks are more prone to weathering 
than the overlying layers thus protected by the basalt caps (Whitmore et al., 2006; 
Landlubbers Adventures, 2011). Other sedimentary rocks include shale and siltstone, with 
magmatic dolerite intrusions. This tendency for the Stormberg Group to weather easily is 
evident in the presence of many erosion gulleys and dongas in the area above and below the 
escarpment. 
The Drakensberg Group is mostly made up of igneous rock, consisting primarily of basalt 
with dolerite intrusions. The 1.5 km thick Basalt Caps of the Drakensberg Mountains were 
laid down through a series of magma outflows from subsurface faults. These basalt layers 
form the summits of the Drakensburg Mountains as basalt- an extrusive igneous rock, is 
highly resistant to weathering and erosion. It forms a stratum that weathers and erodes much 
slower than the underlying rock types, which is the primary reason for the steep cliffs and 
highly eroded hill slopes found in the area (Whitmore et al., 2006). It is because of the 
resistant nature of basalt that the Drakensberg Escarpment is characteristic of steep massive 
cliffs, with highly eroded foothills.  
The underlying geology in an area inherently determines the geomorphology and soils and 
thus should have an influence on minerals found in the water bodies. Basalts and sandstones 
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that dominate the area may result in potassium, sodium and silicate minerals being present in 
water bodies. 
4.3.2. Soils 
The Elliot Formation of the Stormberg Group is made up of red beds, and the red 
colouring in many soil and rock formations is indicative of the presence of iron oxides. As 
previously mentioned soils are formed partially as a result of parent materials, weathered rock 
and minerals, but are also formed with the combination of other factors such as decomposed 
organic matter, animal activity and other elements such as wind, water and atmosphere. 
Numerous sources such as the ISCW (2000), and the FAO (2005) map and discuss the red, 
yellow and grey mottling in some soils in this area, which is characteristic of Plinthic soils. 
Map 4-5 shows the main soil groups distributed within the study area. According to Fey 
(2010), plinthite has a stronger inclination to generate from the regolith of sedimentary type 
rock rather than igneous. This is consistent within this area, as the sandstone of the Stormberg 
and Beaufort groups dominate. Plinthites in the area may hold a high or a medium-low base 
status. (FAO, 2005)  
Duplex soils are most often distinguished by a noticeable accumulation of clay minerals. 
The inherent nature of this soil group is the strong structure within the soil that hinders plant 
root growth and impairs water movement; reducing soil stability and increasing the 
susceptibility to erosion. Duplex soils are most commonly derived from sedimentary and 
siliceous igneous rock of lower base status. The occurrence of duplex soils in the area may 
explain the occurrence of siliceous minerals within water bodies and a lack of redness in the 
soils. Duplex soils frequently contain a high level of sodium available for exchange. Vertic 
and melanic soils may also be present in this group of soils. (Fey, 2010). 
Lithic soils form on steep convex slopes, where it is apparent that the soils formed are 
derived from the underlying parent material. These soils are generally shallow and poorly 
developed, lacking fertility and sufficient conditions for much plant growth. “Natural erosion 
occurs more rapidly than weathering and the resultant lithic soils dominate much of the 
landscape” (Fey, 2010, p.135). These soils occur on the steep hill-slopes of the study area. 
According to the FAO (2005) vertic and melanic soils may also be present in areas where 
lithic soil dominates. In the areas where the slopes are too steep to form soil, much of the 
parent material or regolith is exposed. 
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MAP 4-5: SOILS OF THE EASTERN FREE STATE (ISCW, 2000). 
   
35 
 
4.3.3. Topography/Drainage 
Topography is defined as the shape of the land, land forms that shape the surface of the 
earth. This area is mainly made up of Highveld, slightly undulating grasslands, and the 
steeperhillslopes and mountains of the Drakensberg Mountains.  Map 4-6 (DTM) is a 3D 
Model of the topography of the study area and illustrates the shape of the surface well. 
Drainage is also clearly visible as a feature on this figure. The drainage pattern allows for 
catchment water to flow into the rivers and thus allows the effects of land use on water 
quality to be assessed.  
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MAP 4-6: DRAINAGE AND TOPOGRAPHY OF THE STUDY AREA. 
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4.4. CLIMATE 
Climate is a measure of day to day weather conditions in a region or area. It influences 
many aspects such as land use, soil formation, and vegetation types, it can even play a role in 
water quality; chemical reactions that take place under different temperature conditions. The 
climate or weather conditions for the study area as described are estimated from the closest 
weather stations. Map 4-7 illustrates the rainfall distribution of South Africa and shows that 
the rainfall received in the study area is moderate.  Map 4-8 shows that the study area falls 
within some of the cooler areas in South Africa. Lower temperatures in the study area support 
the viability of Sterkfontein as a storage reservoir, as the cooler temperatures are conducive 
to less evaporation.  
 
MAP 4-7: SOUTH AFRICA’S RAINFALL DISTRIBUTION (DEAT, 1999). 
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MAP 4-8: TEMPERATURE REGIONS OF SOUTH AFRICA (DEAT, 1999). 
Weather data for the area were obtained courtesy of the South African Weather Service 
(SAWS) for the nearest weather stations, for the period of study, 2004-2010. Temperature 
data are from the Van Reenen weather station, and rainfall data are from the Harrismith 
weather station. The study area falls within the Highveld of South Africa, with summer 
rainfall. Summer months range from September through to December/January to April, 
whilst winter months include May to August.  
Figure 4-1 illustrates the average monthly rainfall (mm) and temperature (°C) values for 
the period 2004-2010. This also visually represents the difference between the warmer 
summer rainfall season and colder, drier, winter months. Rainfall peaks in January. 
Temperatures remain relatively low year round, but also peak in the summer months around 
25° C. Annual rainfall is moderate to low, at an approximate annual average of 650mm. 
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FIGURE 4-1: MONTHLY TEMPERATURE AND RAINFALL VALUES FOR STUDY AREA (SAWS CLIMATE DATA).
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4.5. VEGETATION 
The study area is dominated by the Grassland biome of Southern Africa - Map 4-9. 
Accordingly the predominant vegetation type is of grass species, where wooded areas, trees 
and shrubs are less common, hence the area lends itself to grazing and is easy to alter for 
cultivation and agricultural practises.  
 
MAP 4-9: BIOMES OF SOUTH AFRICA (BREEDLOVE & FRASER, 2000). 
Vegetation is influenced by, among other things, soils and climate, and accordingly the 
vegetation distribution (Map 4-9) follows a similar pattern to the geology and rainfall maps 
shown in this section. According to van der Lende and Viljoen (2009), some of the specific 
species present in the study area include red grass (Themeda triandra), spear grass 
(Heteropogon contortus), weeping love grass (Eragrostis curvula), tall growing thatch 
grasses (Hyparrhenia hirta) and cats tail dropseed (Sporobolus pyramidalis). Map 
4-10Error! Reference source not found. adapted from SANBI- Land Use decision support 
tool, shows the vegetation types and distributed in accordance with underlying rock types. 
Although vegetation is influenced by climate and soils/rock type, it has little direct influence 
on the water quality in the area. 
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MAP 4-10: VEGETATION IN THE STUDY AREA. (ADAPTED FROM THE SANBI LAND USE DECISION SUPPORT 
TOOL, 2012). 
Three of these types of grasslands are endangered or vulnerable- the Sandy Grassland, 
Clay Grassland and the Montane Shrub land, which are hardly/poorly protected. The 
remaining grassland types are least threatened, but the Highland grassland is well protected, 
where the Basalt grassland and Highland Basalt grassland is hardly protected, and the Low 
Escarpment Moist grassland is poorly protected (SANBI).  
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4.6. LAND USE 
Map 4-11 is the land use as mapped for the study area (please refer to section 5.2). This 
map is converted into a pie chart (Figure 4-2) by utilising the attribute table to calculate areas 
and percentages of each land use. This is to enable easier visualisation of how each land use 
is distributed over the area as a percentage of the total study area. The mapped study area 
spans 586 302 Hectares (5863 km2) and is dominated by (83%) agricultural land use (Figure 
4-2), two-thirds of which is made up of cultivated lands and mixed agriculture (cultivation 
and livestock). The predominant human land use in the study area is agriculture, with two 
small built up areas of human settlement. This is reflected in most land cover maps, such as 
Map 4-12, a land cover map of South Africa that shows the grassland biome and cultivation 
dominate over the study area. 
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MAP 4-11: LAND USE OF THE UPPER WILGE RIVER CATCHMENT AND STUDY AREA. 
Map Key: 
Land Use In Study Area 
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FIGURE 4-2: LAND USE PERCENTAGES AS MAPPED IN THE STUDY AREA.  
 
MAP 4-12: GENERALISED LAND COVER OF SOUTH AFRICA. (ADAPTED FROM DEAT, 2007). 
 
31% 
36% 
3% 
13% 
11% 
2% 
1% 
3% 
Land Use Percentages for Study Area. 
Crops
Mixed Agriculture
Mixed Agric and
Grasslands
Grazing Grasslands
Mountain Grasslands
Open Grasslands
Water Body
Human Settlement
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- Crops or Cultivated lands (31%) consist purely of tightly packed cultivated fields, whilst 
Mixed Agriculture (36%) is a combination of livestock grazing lands and croplands.  
-Mixed agriculture with grasslands (3%) are areas situated on the outskirts of the study area 
and are combination of mixed agriculture and grasslands- as if the farms are less productive- 
less fertile or less accessible, or farmers may be practising stock rotation to keep areas 
healthy.  
-Grazing grasslands (13%) are grassland areas that are used for livestock feeding, farms are 
less suitable for cultivation, but are suitable for keeping livestock.  
-Open grasslands (2%) are grasslands in the less steep areas that are not being utilised for 
agricultural purposes.  
The difference between the different types of agriculture is defined by crop intensity and 
distribution, foot paths from livestock and the occurrence of outhouses and other farm 
buildings. These are all visible on a smaller scale.  
-Mountain grasslands (11%) are formed by open grasslands on the steeper hill-slopes leading 
up towards the mountainous areas that form the escarpment and Drakensberg Mountains. 
-Human settlements (3%) are the urban centres, built up areas that make up a mere 3% of the 
entire study area. There are two main centres, one a former homeland, the other a small rural 
town. The built up areas predominant land use is housing-residential land use, but there are a 
number of other functions. Commercial zones include: retail, tourist centres (churches, 
factory stores, hobbies and crafts, recreation, gardens), warehouses and small businesses. 
Industrial areas may include tanneries, wool production, metal works factories, and abattoirs. 
Harrismith is generally known as being a main through-fare and stop over point en-route 
between Johannesburg and Durban. The population and life styles of the people living in the 
urban/built up areas will be discussed in further detail in the following section.  
-The Final land use is better classified as a land cover, which are Water bodies (1%). This 
includes the Sterkfontein Dam and other major water bodies in the area. 
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4.7. HUMAN SETTLEMENT 
As previously noted, the primary land use in the study area is agricultural but there are two 
small urban/built up human settlement areas present. These two settlements only make up 3% 
of the human land use/ land cover in the area (165 km square), but it is in these settlements 
where the population is concentrated and they are the main place of residency for that 
population. The majority of the study area is positioned over the Maluti-a-Phofung Local 
Municipality (Map 4-13) one of six in the Thabo Mofutsanyane District Municipality- 
situated in the Eastern Free State Province.  
 
MAP 4-13: MALUTI A PHOFUNG LOCAL MUNICIPALITY WHICH FALLS WITHIN THE FREE STATE PROVINCE. 
(LEHOHLA, 2009). 
This Local Municipality- Maluti-a-Phofung has an area of 4338km2, and at time of 
publishing the Community Survey results 2007, the population was at 
approximately 385 000, which gives a resultant density of approximately 88 people per km 
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square (Lehohla, 2009). Between Census 2001 and Community Survey 2007, ‘population 
growth rate for the Free State was at 2.4%’ (Lehohla, 2009, p.6), assuming a similar growth 
rate between 2007 and 2011 occurred these figures would be different, but the trend of high 
population and high density would remain similar. It must be remembered that this density is 
over the whole municipality, and because the population is concentrated into smaller built up 
areas, the actual density will be much higher.  
Upon visiting the two main human settlements (Harrismith and QwaQwa), it is clearly 
visible that they are of different background and economic status. Harrismith a formal rural 
town, and QwaQwa (Phuthaditjhaba) a former homeland of the apartheid era.  
Harrismith is a smaller town, with grid-like street patterns, numerous public buildings and 
structured/formal infrastructure (electricity, roads, municipal services-waste collection, 
sewage etc). People live in average size households of four people (Lehohla, 2009). QwaQwa 
is a larger, more dispersed settlement, sprawled over the mountainside. This settlement has 
irregular informal street patterns, with roads being constructed by locals in places. Electricity 
is scarce, and many households live off of illegal electricity. The average household size is 
more than seven people, and the dwellings may be anything from a RDP brick house, to a tin 
shack. There is an evident difference between the economic statuses of the people in these 
two settlements, QwaQwa being the less fortunate.  
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5. METHODOLOGY 
The methodology chapter expands on how data were collected, prepared and analysed, and 
then interpreted. It also explains how land use in the study area was mapped and the Water 
Quality guidelines are used.  
5.1. DATA COLLECTION AND PREPARATION 
Upon formulation of this study topic, maps from Rand Water were consulted to establish if 
adequate sample points are available and if so, where they are situated. Once sample points 
and data were obtained from Rand Water, the topic of study could be confirmed. “One 
method of analyzing the interaction between a watershed and its Water Quality (WQ) is to 
look at existing databases, generated by local and regional governments for monitoring 
purposes. These databases may be useful in gaining an initial understanding of the processes 
and interactions that might be occurring within a watershed and may give direction to more 
detailed research and management objectives” (Sliva & Dudley Williams, 2001, p. 3462-
3463). 
5.1.1. Data Collection 
Data from Rand Water were supplied in the form of .pdf files. Water Quality Reports titled 
“Quarterly Water Quality Status of the Wilge River Catchment”. Data are in the format of 
quarterly values (Jan-Mar; Apr-Jun; Jul-Sept; Oct-Dec) for each parameter (Ammonia; 
Alkalinity; Nitrate; Phosphate; Sulphate; COD; EC; pH; E.coli) for each of the 12 sample 
points in the Wilge River Catchment. The data received appear as follows (Table 5-1). The 
location of the 12 sample points used in this research can be viewed in Map 4-3. Only nine 
specific water quality parameters are investigated, as has already been discussed. Data were 
then transferred to Excel, where they were prepared for analysis.  
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TABLE 5-1 RAND WATER QUALITY REPORT (RAND WATER, 2011). 
5.1.2. Data Preparation 
In data preparation, each parameter was analysed individually, each parameter has its own 
Excel worksheet that appears as follows (Table 5-2). The full set of these is available in 
Quarterly values which were calculated to annual averages and in turn calculated to an 
overall average per sample point. The six periods are not only six unique years, but fall over 
the summer rainfall season, so for example Period 1 is from 1 July 2004 to 30 June 2005. 
Thus the study period falls from July 2004 to June 2010.  
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TABLE 5-2: EXCEL DATA PREPARATION BEFORE ANALYSIS.  
 
Before any formal analysis of data and interpretation of results can be made, the land use 
maps as well as water quality guidelines are needed. 
5.1.3. Water Quality Guidelines 
Water quality guidelines from DWAF (1996) as well as Rand Water (2001) are utilised to 
assess the quality of water, whether it is acceptable, or intolerable. These guidelines also 
provide critical value and the target WQ range for water quality analysis. Rand Water 
guidelines are “In-stream Water Quality Guidelines” for the Vaal barrage catchment. These 
guidelines are a summary of each variable/indicator, and are listed with a range of ideal, 
acceptable, tolerable and unacceptable values for water quality to be judged against. Ideally 
water quality is measured against the intended purpose of use. For this reason the DWAF 
water quality guidelines are more appropriate.  
DWAF water quality guidelines are series of guidelines that also list healthy or safe ranges 
of water quality indicators, per intended use; Domestic, Recreational, Industrial, Agricultural 
etc. These guidelines also give some other information about criteria, constituents and target 
ranges, and are more comprehensive than the Rand Water guidelines. 
Each of the WQ guidelines were utilised in formulation of Table 5-3 which illustrates only 
the applicable Target WQ range and Critical Limits for the specific indicators. Where there 
are a number of guidelines (Agriculture, Domestic etc) each range is mentioned but not for 
which intended use. In application of Table 5-3 to the results, the more stringent value was 
set. In cases where Rand WQ values were not available, DWAF guidelines were utilised and 
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vice versa. These critical limit and target WQ range values were positioned on the respective 
indicator graphs (Red and Green lines across each graph), to illustrate the status of WQ for 
each indicator per sample point (Figure 5-1). Red line being the Critical Limit and Green 
Shading being the target WQ Range.   
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TABLE 5-3: WQ GUIDELINES: TARGET RANGE AND CRITICAL LIMIT - RAND WATER AND DWAF. 
Indicator Target WQ Range Critical Limit 
 
Rand 
Water 
DWAF 
Rand 
Water 
DWAF 
NO3 0.5-3 0-6; 0-100 6+ 6+ or 100+ 
PO4 
Less than 
0.03 Not available 0.05+ Not available 
SO4 20-100 0-200; 0-30; 0-1000 200+ 
>200; 30 or 
1000 
NH4 
less than 
0.5 0-1 1.0+ >10 
Alk 
 0-50  >300;600;1200 
COD 
10-20 0-10 30+ >75 
EC 
18-30 Not available 70+ Not available 
pH 
6.5-8.5 6-9 
<6 and 
>9 <5 and >10 
E.coli 
<126 
0-5domestic; 0-130rec; <1 irrigation; 
0-200 livestock >1000 200+ 
 
 
FIGURE 5-1: TARGET WQ RANGE AND CRITICAL LIMIT FOR WQ FROM WQ GUIDELINES. 
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5.2. LAND USE MAPPING 
In order for the water quality analysis to mean anything, maps of the human land use in 
the study area are created. These maps are used to show sample point location within sub-
catchments, where sample points are situated in relation to human land uses and how the land 
uses are distributed. Along with the land use maps and water quality data, the results are 
interpreted. “Effective analytical tools, such as geographical information systems (GIS) and 
multivariate statistics, are able to deal with spatial data and complex interactions, and are 
coming into common usage in watershed management” (Sliva & Dudley Williams, 2001, 
p.3462). 
The study area was established according to Rand Water Sample points and corresponding 
sub-catchment divides from DWAF, that are visible on Google Earth. The sub-catchments 
that DWAF data provide form the regions of this study area. The Rivers of different stream 
orders as well as the sub-catchments/drainage divides are also available as data from DWAF 
(Water quality resources website). The initial outline of the study area is defined by Rand 
Water and DWAF data. These data are used in the process of mapping the land use within the 
study area. Land use is mapped on Google Earth (digitised), and is verified by ground-
truthing conducted by the author. Pockets of land are mapped at a time. Map 5-1 illustrates 
the process of mapping from Google Earth through to MapWindow. 
Land use is assigned according to classes of land uses as discussed above. The difference 
between each type of agriculture is small and difficult to find, but is mainly based on the 
intensity of crops/footpaths/open areas/all three. Sample points and land use were mapped 
using the polygon function in Google Earth, saved as .kml and converted to shape files (.shp) 
in a GIS (MapWindow). After the files were converted to shape files they were used in 
MapWindow to create the land use maps and calculate the attribute tables. The attribute 
tables provide information or area calculations, percentages of land use and other such 
information. Refer to Map 4-3 in Section 4.6.  
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MAP 5-1: PROCESS OF MAPPING LAND USE. 
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5.3. DATA ANALYSIS  
Graphs for each parameter that show the overall average value per sample point are 
constructed from the data prepared, in order to obtain a visual representation of what the 
water quality at each sample point is (Figure 5-2). These graphs allow for the comparison of 
water quality between the various regions as well as between sample points. One may also 
begin to realise trends in water quality. The study area is divided into seven regions based on 
drainage divides, rivers/tributaries and the location of sample points, allowing the ability to 
compare what land use has what effect on water quality. 
 
FIGURE 5-2: VISUAL REPRESENTATION OF DATA FOR SAMPLE POINTS. 
In many instances during data analysis, additional graphs were made where the sewage 
works sample points (1, 5, and 8) were removed from the presentation. This was done 
because in a number of instances the results of WWTW were outliers and make it difficult to 
compare the rest of the results. By taking the WWTW sites out of the presentation, one is 
able to gain perspective of the trends in each indicator (Figure 5-3 and Figure 5-4 below). 
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FIGURE 5-3: PHOSPHATE AVERAGES FOR 12 SAMPLE POINTS. 
 
FIGURE 5-4: PHOSPHATE AVERAGES FOR SAMPLE POINTS EXCLUDING THE SEWAGE SAMPLE SITES. 
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6. RESULTS AND DISCUSSION 
Chapter Six highlights the water quality results. Each indicators result is graphically 
presented with a brief discussion of each.  
6.1. PRESENTATION OF RESULTS 
Results for each Water Quality (WQ) indicator are presented in the form of bar graphs, 
created in Excel, from the Rand Water Quality Data that were captured and prepared 
(Appendices) for analysis. Each graph has a horizontal solid red line, indicating the Critical 
Limit of water quality. Each graph also has a solid green line or green shading indicating the 
Target Range for Water Quality. The critical limit and target WQ range values for each 
indicator is acquired from Rand Water and DWAF Water Quality guidelines (1996)- Table 
5-3. The land use mapped for the study area is also presented again, as it is useful to refer to 
this land use map whilst comparing land use and water quality (Figure 6-1).  
Each graph is also divided by colour scheme into the different types of land use, thus 
allowing easier identification. The sample points after Waste Water Treatment Works 
(WWTW) or human settlements (SP1, SP5 and SP8) are coloured yellow. The WQ that arises 
from these sample points is from WWTW after human settlements and so represents the 
human settlements in the study area. Sample point 4 is Green, indicating the natural land 
cover and arises from Sterkfontein Dam, so also represents the dilution factor. Sample points 
after the Human settlements, that are situated in agricultural lands are orange. Agricultural 
sites are brown. Sample point 12 is red, this is the place where all streams have come to a 
confluence and is a general representation for the upper Wilge Catchment overall WQ.  
Results are presented below per parameter, with a small discussion about each result. After 
each indicator is discussed individually, an overall synthesis about land use and water quality 
for the study area is provided. 
Results of water quality data and land use maps are presented in order to determine 
whether or not the land use has an effect on water quality. A correlation is drawn between 
land uses- occurrence or percentage areas of a land use, and water quality.  
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6.2. NITRATES (NO3) 
When assessing the Nitrate results, it is apparent that Sample Point 1 (SP 1) is 
approximately two and a half times over the critical limit. SP 5 is slightly below the critical 
limit and runs a high risk of exceeding it. SP 1 and SP 5 are both WWTW/sewage sample 
sites downstream of the human settlements and highlight the excessive volumes of 
nutrients/pollutants these settlements may cause in water systems. Nitrates are often present 
as a result of agricultural runoff and sewage effluent or WWTW (Wade et al., 2008). This 
excess of nitrate in these sites may also indicate the inefficiency of the WWTW at these two 
sites. SP8, the third WWTW site is well within the target range of WQ standards but is lower 
than some of the other normal sample points.  
When SP 1, SP 5 and SP 8 are removed from the presentation, it is possible to see that 
these sample points still have an effect on the water down-stream of the settlements as SP 2, 
SP 3 and SP 9 have a high concentration. Excessive nutrient loading occurs from the 
QwaQwa and Harrismith settlements. When SP 1, SP 5 and SP 8 are removed from 
presentation the remaining points are within the target WQ range. SP 2 and SP 9 - 
downstream of the main human settlements are two to four times (and in some cases nine 
times) higher in concentration than the other sample points in the study area. SP 3 is further 
downstream of the QwaQwa settlement than SP 2 and so may be diluted by other tributaries 
waters or the nitrate is absorbed and used by aquatic plants.  
SP 6, SP 7, SP 10 and SP 11 indicate the agricultural lands, and have a higher 
concentration than SP 4. SP 4 may have a lower concentration because of a dilution effect 
from the Sterkfontein Dam. There is a slight increase in nitrate concentration between SP 4 
and SP 7, indicating the small amount of land utilised further up the sub-catchment, does 
have an effect on WQ. This increase in nitrate concentration may be owing to decomposing 
plant or organic matter, animal waste products or the use of a small amount of nitrogenous 
based fertilizers. The human settlements have a larger effect on nitrate concentration than the 
agricultural areas but the effects are decreased as the concentration is diluted when the 
tributaries come to a confluence (this may also be that nitrate is used up by aquatic plants in 
the system). Overall the nitrate concentration is fairly low at SP 12 at the end of the study 
area. (Figure 6-1 and Figure 6-2) 
 
   
59 
 
 
FIGURE 6-1: NITRATE AVERAGES FOR 12 SAMPLE POINTS.  
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FIGURE 6-2: NITRATES AVERAGES FOR SAMPLE  SITES EXCLUDING WWTW. 
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6.3. PHOSPHATES (PO4) 
It is evident that the phosphate values are all in excess of the critical limit for WQ. 
Phosphates or phosphorous is a widespread polluting nutrient as it is popular in domestic 
detergents, a common industrial waste product and is frequently used in agricultural 
fertilisers. Phosphates may also be present from agricultural livestock, animal wastes, 
fertiliser runoff and decomposing materials. WWTW sites (SP 1, SP 5 & SP 8) return a WQ 
value between 3-6mg/l where the other sample sites values are below 1mg/l. Urban runoff, 
domestic detergents and other household wastes, human effluent as well as industrial waste 
may influence the high concentrations of phosphate at SP 1, SP 5 and SP 8. The higher 
concentration at SP 5 and SP 8 cause the concentration at SP 9 further downstream to be 
higher, but the concentration is diluted by other tributaries and other land uses. This is also 
the case for SP 2 and SP 3.  
The primary agricultural sites SP 6, SP 7, SP 10 and SP 11 are all over the critical limit, 
and illustrate that agricultural land use does affect the WQ, but not to the extent as that of 
human settlements. The use of agricultural fertilisers may add to this concentration and not 
reduce the effects of human settlements. SP 4 is on the critical limit, and thus illustrates that 
phosphate in the study area is naturally high in concentration. SP 12 indicates that the overall 
phosphate concentration for the study area is high. The human settlements have the largest 
impact on this concentration and the addition of other tributaries and other land uses help 
little to dilute the concentration or reduce the effect on WQ. (Figure 6-3 and Figure 6-4) 
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FIGURE 6-3: PHOSPHATE AVERAGES FOR 12 SAMPLE POINTS. 
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FIGURE 6-4: PHOSPHATES AVERAGES FOR SAMPLE POINTS EXCLUDING WWTW. 
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6.4. SULPHATES (SO4) 
WWTW or settlements have an obvious effect on increased concentration of sulphate 
concentration. This is evident in SP 1, SP 5 and SP 8, which are more than double the 
concentration of the rest of the sample points. Sulphate concentration is easily diluted or the 
affect dissipates before the remaining sample points further downstream, especially between 
SP1 and SP 2, as well as SP 5, SP 8 and SP 9. SP 4 represents the naturally occurring 
sulphate in water bodies and may be caused by rock weathering, decomposing organic matter 
and veld fires. Anthropogenic factors that affect sulphate concentration may include 
agricultural or industrial inputs, fossil fuel combustion, and urban runoff.  
The WWTW sites concentrations fall within the target WQ range, whilst the remaining 
sample sites fall below target values, including the agricultural lands at SP 6, SP 7, SP 10 and 
SP 11. This may be because sulphate is not as easily rendered from natural landscapes as 
other nutrients, rock weathering is a slow and gradual process, other natural factors that affect 
sulphate concentration are also slow and deposited in small volumes. Human settlements 
have a more obvious effect on concentration, but it is not a threat to the system. It is a good 
indicator of WQ because it shows the vast difference between human settlements and other 
human land use. The human settlements affect the water quality more than agriculture, which 
is still a human land use but is closer related to natural land than human settlements and does 
not affect WQ in such a big way. (Figure 6-5) 
 
   
65 
 
 
FIGURE 6-5: SULPHATE AVERAGES FOR 12 SAMPLE POINTS. 
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6.5. AMMONIA (NH4) 
Ammonia concentrations are strongly positively linked to WWTW and human settlement. 
SP 1, SP 5 and SP 8 are all excessively high and exceed the critical limit of WQ. SP 8 may be 
correlated to industrial activity within Harrismith seeing that some industrial processes (pulp 
and paper industry, tanneries, abattoirs) affect ammonia concentration. Because of the high 
concentration at SP 8, the concentration of ammonia at SP 9 is relatively high, but has been 
diluted by other tributaries and land use runoff. The effects of the high concentration are well 
dissipated. Ammonia may also have been oxidised to NO3 and so the effects of ammonia on 
WQ reduced. The concentration may also be resultant of municipal waste, sewage effluent 
and household as well as industrial chemicals and detergents.  
Between SP 2 and SP 3 the concentration remains similar, indicating that after the 
WWTW at SP 1, the effects may be diluted, but land use between SP 2 and SP 3 adds to the 
concentration, to keep it the same. This may be owing to nitrogen based fertilisers, animal 
wastes and other agricultural runoff. Remaining sample points generally fall within target 
WQ range. The primary agricultural areas SP 6, SP 7, SP 10 and SP 11 are close to SP 4, this 
may highlight how similarly the agricultural land use effects WQ when compared to natural 
land cover. Ammonia is also easily utilised as a nutrient as it is rapidly oxidised to NO3 
which is an essential plant nutrient.  
Overall at SP 12 the WQ is low but within target WQ range. The ammonia concentration 
is well diluted. (Figure 6-6 and Figure 6-7) 
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FIGURE 6-6: AMMONIA AVERAGES FOR 12 SAMPLE POINTS. 
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FIGURE 6-7: AMMONIA AVERAGES FOR SAMPLE POINTS EXCLUDING WWTW.
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6.6. PH 
All sample points fall within target WQ range. All except SP 1 are slightly alkaline, which 
may be due to the geological composition or certain industrial wastes. pH may affect certain 
chemical reactions or cause others to begin/cease. Some indicators that are also related to pH 
include COD and alkalinity. SP 1 is slightly acidic and can be resultant of the WWTW. The 
human settlements around SP 5 and SP 8 do not change the WQ as the agricultural lands have 
similar levels of pH. Thus it is difficult to draw a conclusion with this indicator. Results for 
this indicator are inconclusive as there is no pattern made. (Figure 6-8)   
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FIGURE 6-8: PH AVERAGES FOR 12 SAMPLE POINTS.
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6.7. CHEMICAL OXYGEN DEMAND (COD) 
COD is evidently affected by WWTW or human settlements and all SP 1, SP 5 and SP 8- 
WWTW sites exceed the critical limit for WQ. E.coli, Alkalinity, Electrical Conductivity and 
Ammonia concentrations all have the same pattern in concentrations at SP 1 SP 5 and SP 8, 
indicating that these indicators may be closely linked. Organic matter in water is oxidised 
which causes a decline in concentration of dissolved O2 which in turn causes O2 demand. 
Nutrient loading from WWTW and urban runoff causes increased nutrients and reactions 
between ammonia and nitrate causes an increase in COD.  
COD effects easily dissipate as the water moves downstream; between SP1 and SP 2 the 
COD is reduced, and again between SP 2 and SP 3 it is even less. SP 9 is also affected by 
settlement upstream of the sample site, and is very slightly over the target WQ range, but falls 
well under the critical limit. The remaining sample points fall within target WQ range. The 
COD increases between SP 10 and SP 11 due to agricultural inputs, but agricultural land use 
still has less of an effect on WQ than human settlements. Urban areas cause higher COD as 
nutrient loading occurs at a higher rate in comparison to agricultural areas. When all sample 
points have been combined at SP 12, the COD levels are normal. (Figure 6-9) 
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FIGURE 6-9: COD AVERAGES FOR 12 SAMPLE POINTS.
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6.8. ELECTRICAL CONDUCTIVITY EC 
WWTW at SP 1, SP 5 and SP 8 are all evidently higher in concentration, generally more 
than double the other sample points. SP 8 is the only site that exceeds the critical limit of 
WQ. SP 1 and SP 5 do not reach the critical limit but are not within the target WQ range 
either. Remaining sample points are within or below target WQ range. SP 11 concentration is 
slightly higher than SP 10 and indicates that the addition of agricultural runoff affects the 
water quality. Effects are not accumulated when all tributaries come together at SP 12.  
Agricultural areas after the human settlements have a similar concentration or similar WQ 
as pure agricultural lands, so agricultural lands buffer or reduce the effects/impacts of the 
human settlements in the area. Urban and industrial waste and runoff as well as agricultural 
runoff are the primary factors affecting EC in the study area. Human settlements have a larger 
effect on WQ than agricultural lands. (Figure 6-10) 
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FIGURE 6-10: ELECTRICAL CONDUCTIVITY AVERAGES FOR 12 SAMPLE POINTS. 
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6.9. ALKALINITY 
None of the sample points concentrations exceeds the critical limit, but SP 8 is at risk of 
doing so. Only 3 (SP 1, SP 4 and SP 6) of 12 sample points are within the target WQ range. 
The remaining SP concentrations lie between the target WQ range and the critical limit. 
When SP 1, SP 5 and SP 8 are removed from presentation of results: Alkalinity patterns 
follow the exact pattern of pH. The lower alkalinity of SP 1 is linked to the slightly lower pH 
at SP 1. The alkalinity between SP 2 and SP 3 and between SP 10 and SP 11 in increased, 
indicating some agricultural lime may have been applied in the area. The geology of this area 
may also contain traces of lime.  
The QwaQwa settlement does not have an effect on the WQ but the agricultural lands 
below the settlement do. Harrismith does have an effect on the alkalinity of the water as SP 5 
and SP 8 are both high and SP 9 is slightly affected by the WWTW out of Harrismith. The 
agricultural lands up stream of Harrismith also play a role in the WQ down-stream of the 
Harrismith settlement. The difference between the two human settlements affecting the water 
with alkalinity may come out of industrial or other activities that occur in these settlements 
because the agricultural concentration of alkalinity are fairly similar and yet the human 
settlements are different.  
Agricultural lands at SP 10 and SP 11 have an effect on alkalinity, indicating the 
possibility of agricultural lime being applied. When all 12 sample points are combined, the 
concentration of alkalinity at SP 12 is in excess of the target WQ range. The combination of 
various land uses from the sample points up stream does not dilute or dissipate the effects on 
WQ. (Figure 6-11) 
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FIGURE 6-11: ALKALINITY AVERAGES FOR 12 SAMPLE POINTS.
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6.10. FAECAL COLIFORMS- E.COLI 
E.coli is only measured at the WWTW sites, SP 1, SP 5 and SP 8. This disallows a 
comparison to be made between the various land uses, especially agriculture and human 
settlements. Animal waste is also common for E.coli. The lack of E.coli samples further 
down-stream is cause for concern as there may be other sites that cause E.coli pollution (after 
agricultural lands). Without these sample points down-stream it is impossible to define 
whether agricultural lands or human settlements affect the E.coli concentrations more. The 
lack of these sample points downstream also reduces the ability for monitoring of E.coli 
concentration.  
All WWTW sites (SP1, SP 5and SP 8) are dangerously over the critical limit for WQ and 
are a threat to human and animal health. The WWTW sites also show how the large volume 
of people within small areas, affect the WQ so negatively. Harrismith WWTW (SP 8) is 
regularly the highest contributor of nutrients/pollutants and may be owing to inefficient or out 
of order WWTW or even the lack of infrastructure for the population size in the town. 
(Figure 6-12 and Figure 6-13) 
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FIGURE 6-12: E.COLI AVERAGES FOR SAMPLE POINTS 5 AND 8. 
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FIGURE 6-13: E.COLI AVERAGE FOR SAMPLE POINT 1.
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6.11. DISCUSSION 
From the results it is evident that the WWTW/human settlements have the biggest impact 
on water quality in the study area. The concentration of WQ indicators from these sites are 
the most extreme and are frequently much higher than the other sample point concentrations, 
sometimes even more than double. It is also not uncommon for the WWTW sites to exceed 
the critical limit of WQ. From the bar graphs of WQ results, Table 6-1 is created. This Table 
indicates the number of times each sample point reaches target WQ or exceeds it.  
TABLE 6-1: WQ RANGE COUNT. 
Sample Point 
Below Target 
Range 
 
 
A 
Within target 
WQ range 
 
 
B 
Below Critical 
limit but above 
Target WQ 
range 
C 
At or above 
Critical limit 
 
 
D 
1 0 3 1 5 
2 1 5 1 1 
3 1 5 1 1 
4 3 4 0 1 
5 0 2 3 4 
6 2 5 0 1 
7 1 5 1 1 
8 0 3 1 5 
9 1 3 3 1 
10 1 5 1 1 
11 1 5 1 1 
12 1 5 1 1 
From Table 6-1 as well as the individual indicator graphs Table 6-2 is formed. This is a 
representation of where the water quality lies within each sample point per indicator and 
allows for the relationships between land use and water quality to easily be assessed. Sample 
points with the same class of land use are grouped together. pH is removed as it bears a result 
of little significance because all sample points are within target range for WQ. When each 
sample point is classed and land uses grouped together, it is easy to assess the differences in 
each land use and how they affect WQ in the study area.  
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TABLE 6-2: RESULTS PER SAMPLE POINT GROUPED PER LAND USE FOR EACH INDICATOR. 
                               Indicator 
 
Sample Point 
PO4 SO4 NO3 NH4 COD EC Alk E.coli 
1 
D B D D D C B D 
5    Settlement D B C D D C C D 
8 D B B D D D C D 
2 
D A B B B B C  
 
3         Agric LU After 
          Settlement 
D A B B B B C  
9 D A B C C B C  
4    Nat LC/ Water Body D A B B A A B  
7 
D A B B B B C  
6        Agric Land Use D A B B B A B  
10 D A B B B B C  
11 D A B B B B C  
 
12   General WQ @ Upper    
        Wilge 
D A B B B B C  
Human settlements have the biggest impact on WQ in the Upper Wilge catchment as 58% 
of time indicators at these sample points are above the critical limit and 78% of the time 
above the target WQ range; whilst only 20% of the time indicators within this land use fall 
within target WQ range. The most common effects include nutrient loading in the form of 
nitrates and or ammonia and associated problems; phosphates; and faecal coliforms. Human 
settlements also affect the agricultural areas down-stream; 47 % of the time WQ indicators 
fall within the target WQ range but 38% is spent above the target WQ range. The effects are 
still evident in high concentrations at sample points directly downstream. This is because 
while most of the time agricultural runoff dilutes the effects of human settlements, it is not 
always possible for the effects to be completely reduced by the time it gets to these sample 
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sites. Agricultural land use also has its own effect on WQ but much less so than human 
settlements.  
In pure agricultural areas 57% of the resultant WQ values reside in the target WQ range 
and only 25% of these above target range. Natural land cover has little effect on WQ, with 
43% of the time indicators are within target WQ range, 43% below target range and 14% 
above target range. Table 6-3 (Summary of Upper Wilge Catchment WQ) illustrates how the 
WQ improves as the land use moves from human settlement through agricultural lands to the 
end of the study area. Human settlements have the most polluting effects, agricultural lands 
reduce these effects and even though they may add some pollutants; are much less 
devastating than the settlements. A comparison of pure agricultural lands and natural land 
cover shows that agricultural land use does have a negative effect on water quality. 
TABLE 6-3: SUMMARY OF THE UPPER WILGE CATCHMENT WQ STATUS. 
Land use 
% WQ above target 
range 
% spent within or below 
target range 
Human Settlement 78 20 
Agricultural Lands after Settlement. 38 61 
Pure Agricultural Land use 25 75 
Natural Land Cover 14 86 
Overall WQ @ Upper Wilge 28 71 (57% in B) 
Comparing human settlement, with agriculture and natural land cover from this study area 
is possible and has confirmed that the human land uses do have a significant positive 
relationship with effects on WQ. Human settlements have the most detrimental impact, while 
agriculture has a lesser effect it, but still negatively impacts on WQ.  
The overall WQ status of the Upper Wilge catchment witnesses 57% of the WQ indicators 
spent within the target WQ range, while 28% above target WQ range and 14% below target 
range. Thus overall the WQ at the Upper Wilge River Catchment is fairly good, but the 
human land use, particularly the settlements significantly and adversely affect the WQ of the 
Wilge River.   
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7. CONCLUSION AND LIMITATIONS 
7.1. CONCLUSION 
South Africa is a water scarce country and thus water quality research is important in 
aiding policy adjustments, planning and water resources management. Water Quality (WQ) 
research in the Upper Wilge River catchment is limited, as such this research contributes to 
the body of knowledge on WQ in the Upper Wilge River. It is generally known that land uses 
have direct impacts on water systems. The various human land uses have significant negative 
effects on the WQ and the differences between them are assessed here-in. Inter-Basin 
Transfers (IBT’s) are a common method of water stress relief. The Tugela-Vaal Pumped 
Storage Scheme is one such IBT and occurs within the study area. The water contribution 
from the Tugela catchment has no significant or noticeable effects on the WQ of the Upper 
Wilge WQ and thus is disregarded in this research.  
The methods used to conduct the study are simple yet effective for illustrating the results. 
Water quality data for nine parameters at 12 sample points over a period of six years (June 
2004-July2010) were analysed and presented in graphic format. Specific indicators were 
selected to highlight the different aspects of water from chemical and physical to 
bacteriological, as well as the different sources they may arise from. The period selected is 
for observation purposes to establish a baseline and average WQ result. The sample points 
selected are those which are available from Rand Water. Water Quality guidelines (Rand 
Water and DWAF) are utilised to apply the Target WQ range and the Critical Limit for WQ 
to each parameters graphs. Land use was mapped for the study area and sample points 
established on the land use map. Land use or land cover is classified by human utilisation, 
settlements, agriculture and so on. Water quality results with the applied WQ guidelines and 
land use maps were then concurrently assessed to establish whether or not there is a 
relationship between water quality and land use.  
The hypothesis is accepted in that human land uses have a negative effect on the water 
quality in this catchment. Urban land use in the form of human settlements, have a more 
significant effect on WQ than agriculture. The rivers where agriculture is the only land use 
(Wilge and Meul Rivers) are less polluted than rivers downstream of human settlements 
(Wilge and Elands Rivers). The Nuwejaars Spruit has the most pristine water. It is not clear 
whether it is so pristine because of the lack of human land use effects or as a result of the 
large water body (Sterkfontein Dam) that it originates from. To a large degree, highly 
polluted water arising from human settlements upstream is diluted and the affects dissipated 
   
84 
 
by the time it reaches the end of a catchment. This occurs as the water from less polluted 
parts of the (same or other) rivers converge, thus improving water quality downstream. The 
less polluted water may arise from pristine land or a human land use that has a less 
detrimental effect on water quality.  
Although human settlement comprises one of the smallest percentage of land use in the 
study area (approximately 3%), it has the most detrimental effect on water quality. These 
effects are significantly reduced downstream where agricultural land use is prominent, as 
according to the sample points and data reviewed the water quality is not further degraded but 
rather improved. This trend confirms that human settlements, in this research and study area, 
contribute the most to the degradation of water quality as in comparison to agricultural land 
use. It is possible to compare land use maps and water quality data in assessing the effects of 
land use on water quality, and as such trends can be drawn between land use and water 
quality at (or between) specific sample sites. This research validates the hypothesis that 
human land uses have a negative effect on water quality. In certain cases (as seen in this 
research) and depending on the land use and the intensity thereof; the effects of human land 
use on water quality, may not be as detrimental as previously assumed.   
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7.2. RECOMMENDATIONS FOR FURTHER STUDY 
The positioning and frequency of sample points for this study are mismatched, meaning 
that: The land use changes midway between sample points, making it difficult to assess 
whether the land use has an exacted effect on water quality. An appropriate solution would be 
for samples to be collected prior to change in land use, i.e. at the place of change between 
land use, or up and downstream of each land use. It is clearly evident the water quality 
changes between different land uses. If there are better positioned/planned sample points- it 
would enable the investigator to identify exactly where the water quality changes. Further this 
may lead to another option for study- a significant number of sample points (more sample 
points at strategic points) may aid in assessing how far downstream (into the new land use) a 
land use change is noticeable on water quality. 
Seasonal changes may not be assessed with Rand Water Data as it is provided on a 
quarterly basis, thus the frequency of sampling should be increased that this can be decided 
by the researcher. Sampling should occur on weekly basis (or even bi-weekly) to increase the 
timeframe over which samples can be assessed. After a number of years of data collection- it 
may be possible to assess seasonal changes in water quality, between summer and winter and 
with the change in rainfall season. The water quality over different seasons will also be 
affected by vegetation changes.  
E.coli results are only available after WWTW sample sites, this makes it difficult to assess 
whether the other land uses downstream have an effect on the E.coli quantity or not. E.coli 
should be sampled at each sample point further downstream, not just downstream of human 
settlements. 
A further study of interest could include a study as to why the QwaQwa settlement has a 
better water quality than the Harrismith town. This may be simply because Harrismith 
WWTW requires an upgrade, but it is possible that there are other factors involved. 
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